 The association between PD and VDR rs2228570 polymorphism was explored in Chinese.  VDR rs2228570 A allele was associated with increased PD risk in a Chinese population.
Introduction
Parkinson's disease (PD) is the second most frequent neurodegenerative disorder in elderly individuals and is estimated to affect approximately 1.7% of the population over the age of 65. In China, this translates into approximately twenty million people [1] . Over the age of 80, the rate of PD increases to 2.65% [2] . PD is characterized by motor features of parkinsonism including resting tremor, asymmetric bradykinesia, rigidity, and postural instability, and is associated with Lewy bodies and a progressive loss of dopaminergic neurons in the substantia nigra. However, the etiology of PD remains unclear [3] . Genetic and environmental factors, such as vitamin D deficiency, may contribute to the pathogenesis of PD [4, 5] . Studies have found that patients with PD have lower levels of vitamin D compared to healthy subjects of similar ages [6] [7] [8] . The biological action of 1,25-dihydroxyvitamin D 3 (the active form of vitamin D) is mediated by 1α-hydroxylase and vitamin D receptors (VDRs) [9] . VDRs are highly enriched in the hypothalamus and substantia nigra [10, 11] . Thus, polymorphisms in the VDR gene, which may affect VDR expression, structure, or function, may contribute to the development of PD [12, 13] .
Epidemiological evidence of the relationship between VDR rs2228570 polymorphism (NM_000376.2:c.2T>C, NP_000367.1:p.Met1Thr) and the susceptibility of PD is inconsistent [14] . Several meta-analyses have shown a significant association between rs2228570 polymorphism and PD risk, however, the conclusions in each of the meta-analyses were based on the results of the same two studies [15] [16] [17] . Studies with small sample sizes have found that G allele carriers have an increased risk of PD in Chinese Han and Hungarian populations [18, 19] . However, no association has been found between PD risk and VDR rs2228570 polymorphism in Korean or Japanese populations [20, 21] . A recent meta-analysis showed that an rs2228570 variant was significantly correlated with PD in an Asian population [22] . Age differences, male/female ratios, 25-OH vitamin D 3 levels, and other factors may be partially responsible for these inconsistent results [23] .
In this study, we explored the association between VDR rs2228570 polymorphism and the susceptibility of PD in a Chinese population which included 940 subjects.
Materials and methods
Subjects 470 sporadic PD patients (mean age: 62.65 ± 9.34 year) and 470 healthy control subjects (mean age: 62.70 ± 9.42 year) were enrolled in this study to study the association between VDR rs2228570 polymorphism and the susceptibility of PD in a Chinese population. The PD patients were recruited form Department of Neurology, Tongji Hospital, Tongji Medical College, Huazhong University of Science and Technology, between Nov 2015 and Aug 2019. PD was diagnosed according to the 2015 MDS Clinical Diagnostic Criteria [24] . The current study was approved by the ethics committee of Tongji Hospital. Written informed consent was obtained from all participants.
DNA extraction and genotyping
Genomic DNA from peripheral blood samples was extracted using NP968-C automatic nucleic acid extraction system (TIANLONG, Xi'an, China). VDR rs2228570 polymorphism was genotyped using TaqMan SNP Genotyping Assay, and the probes were labeled with a VIC or FAM dye at the 5' end for A and G allele respectively (Catalog number: 4351379, Thermo Fisher Scientific, MA, USA). The 5 μL reaction solution included 1.375 μL H 2 O, 2 μL TaqMan SNP Genotyping Master Mix (2X), 0.125 μL probe (40X), and 1 μL DNA. The PCR was performed with default settings on the Viia 7 Dx machine using 384 well plate (Applied Biosystems, CA, USA). For Taqman SNP genotyping failed samples, Sanger sequencing was performed to detect their genotypes with the following PCR primers (TIANYI HUIYUAN, Wuhan, China): Forward, 5'-ATTCCAAGCCATGCTCTGAG-3', Reverse: 5'-TCTTCTCCCTCCCTTTCCAC-3'. PCR was performed using LA taq with GC buffer (Takara, Kusatsu, Shiga, Japan) in a 50 μl volume including 10.5 μl H2O, 25 μl 2X GC Buffer I, 2μl forward primer, 2μl reverse primer, 8μl dNTP, 2μl DNA, and 0.5μl 5U/μl LA taq. The PCR was performed as following: 94℃ 3 min for initial denaturation, followed by 35 cycles of denaturation 94℃ 30 sec, annealing 60℃ 30 sec, extension 72℃ 40 sec, and a further extension 72℃ 3 min. Sanger sequencing was performed on ABI 3500 Dx (ABI, San Diego, CA, USA).
Statistical analyses
Data were presented as the mean ± SD. The statistical analysis was performed using SPSS 18.0 (SPSS, IL, USA). Hardy-Weinberg Equilibrium (HWE) was also calculated for both groups with Chi-square (χ 2 ) test. The sample power was calculated by Power V3.0 [25] . Crude odds ratios (ORs) and 95% confidence intervals (CIs) for sporadic PD in relation to VDR rs2228570 polymorphism were calculated using logistic regression analysis. Multiple logistic regression analysis was applied to control for age. Two-sided P value < 0.05 was considered statistically significant.
Results

Clinical characteristics of the subjects
Nine hundred and forty subjects were included in this study, which consisted of 470 patients with sporadic PD (mean age: 62.65 ± 9.34 years) and 470 healthy controls (mean age: 62.70 ± 9.42 years). Males accounted for 55.5% of both the PD and control groups, and the sample power was 0.81. EOPD was defined by a cutoff age of 50 years old [26] . More detailed data can be found in Table 1 .
VDR rs2228570 polymorphism
There was a significant association between VDR rs2228570 polymorphism and PD risk in the allele (A vs G, OR = 1.289, 95% CI = 1.074-1.547, P = 0.006), recessive (AA vs GG + GA, OR = 1.707, 95% CI = 1.239-2.353, P = 0.001), and additive (AA vs GG, OR = 1.741, 95% CI = J o u r n a l P r e -p r o o f 1.201-2.524, P = 0.003) genetic models ( Table 2 ). Both the control and PD populations followed the HWE principle (control group, P = 0.207; PD group, P = 0.171).
Stratification was performed by sex. Significant associations were found between VDR rs2228570 polymorphism and PD risk in the allele (A vs G, OR = 1.322, 95% CI = 1.034-1.691, P = 0.026) and additive (AA vs GG, OR = 1.764, 95% CI = 1.072-2.903, P = 0.026) genetic models in male subjects (Table 3 ). In the female subgroup, a significant association was only found in the recessive (AA vs GG + GA, OR = 1.983, 95% CI = 1.225-3.208, P = 0.005) genetic model (Table 4 ).
We also investigated this association in patients with EOPD as well as control subjects (< 50 years old). Overall, similar results were found; specifically, there was a significant association between VDR rs2228570 polymorphism and PD risk in the allele, dominant, and additive genetic models (Table 5 ).
Discussion
Vitamin D is involved in bone health and may also be involved in non-skeletal systems, including the muscular, endocrine, immune, and central nervous systems, via VDRs [27, 28] . VDRs and active vitamin D are involved in regulating the expression of dopaminergicassociated genes [29] . Animal studies have found that vitamin D may have a neuroprotective role in fetal mesencephalic DA neurons, which are the primary degenerated cells in PD [30] . Patients with PD have lower levels of vitamin D than age-matched control subjects, and Vitamin D levels are associated with the severity of PD symptoms [6] . Vitamin D is mediated by 1αhydroxylase and VDRs, and a genome-wide association study and meta-analysis have found that many VDR SNPs are associated with PD risk [16, 31] . However, for several SNPs, the results are controversial.
In this study, we unexpectedly found that the VDR rs2228570 A allele was associated with an increased risk of PD in a Chinese population. Kang SY et al and Tanaka K et al did not find a significant association in either Korean or Japanese populations, respectively [20, 21] . Compared to the current study, Han X et al found opposite results in a Chinese Han population [18] . However, our results were consistent with a recent meta-analysis by Geng J et al, which showed that the VDR rs2228570 variant was significantly correlated with PD in an Asian population in a recessive genetic model [22] .
Han X et al found that being a carrier of the rs2228570 G allele is associated with an increased risk of PD. Moreover, the frequency of the rs2228570 G allele was significantly higher in patients with PD. However, after stratification by gender (male/female) and stage (EOPD/LOPD), there was no longer a significant association between genotype, allele distribution, and PD. No significant differences were found in either male or female populations, however, a significant association was found for the entire population. In their study, the mean age was approximately 70 years old, and the male ratio was 63.87% and 56.14% in PD and control groups, respectively. The EPOD cut-off was 50 years old, which is similar with previous studies. In our study, the mean age was approximately 63 years old, which is much lower J o u r n a l P r e -p r o o f compared to the previous study. The male ratio was consistent in the PD and control groups, with a ratio of 55.5%. Moreover, our study included a larger sample size. These differences may partially explain why the results are inconsistent.
The association between VDR rs2228570 and PD risk varied in male and female populations. Significant association between VDR rs2228570 polymorphism and PD risk were found in both the allele and additive genetic models in male subjects, while an association was only found in the recessive genetic model in the female subgroup.
Kang SY et al found no significant association between VDR SNPs (rs1544410, rs2228570, rs7976091, and rs731236) and PD risk in a Korean population. After adjusting for the serum level of 25-OH vitamin D 3 , rs731236 and rs1544410 were associated with PD risk. Tanaka K et al found that rs2228570 was inversely correlated with the risk of sporadic PD in the additive model; however, this fell below significance after adjusting for multiple comparisons. Therefore, it may be critical to include an assessment of vitamin D levels to fully explore the association between VDR polymorphisms and PD risk. Moreover, no significant relationships were found between SNPs (rs1544410, rs7975232, or rs731236) and the risk of sporadic PD in any of the genetic models in a Japanese population [20, 21] . Lin CH et al found that genetic variations of the VDR gene may not play a major role in a Taiwanese PD population [32] . However, it is important to take into consideration that the sample sizes were small. In these studies, less than 300 patients with PD were included; thus, stratification analyses may be limited. Together, these studies suggest that several factors may need to be taken into consideration, including age, gender, serum level of vitamin D, and smoking. Gene-gene and gene-environment interactions should be evaluated when studying this association.
Conclusion
In conclusion, our study suggests that the VDR rs2228570 A allele is associated with an increased risk of PD in a Chinese population. Further studies with larger sample sizes which consider gene-gene and gene-environment interactions as well as VD levels are needed to further understand the role of VDRs in the development of PD.
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